Self-immolative aryl phthalate esters were conjugated with cleavable masking groups sensitive to light and hydrogen peroxide. The phthalate linker releases the fluorescent dye 7-hydroxycoumarin upon exposure to light or H2O2, respectively, leading to an increase in fluorescence. 
S elf-immolative linkers have proven to be useful for connecting a cleavable masking molecule to an output cargo molecule. 1−5 Upon exposure to an input stimulus that cleaves the mask, self-immolative linkers release their cargo. Self-immolative linkers have found applications in enzymeactivated prodrugs, 6−14 chemical sensors, 2, 15 traceless linkers, 16−19 biological probes, 20−23 and degradable polymers. 24−26 Released chemical cargos are often biomolecules, drugs, or reporters such as fluorescent dyes. Ideally, self-immolative linkers should be simple in design, stable, compatible with water, and transformed into a benign byproduct upon release of the output cargo. Additionally, they should be easy to conjugate, readily adaptable to a variety of inputs and outputs, and quickly release the output cargo. A drawback to some selfimmolative linkers is that cargo release rates can be slow (minutes to hours), 27 leading to loss of temporal resolution. Our group has recently reported aryl phthalate esters as selfimmolative linkers. 3 In this previous work, we demonstrated that a fluoride-sensitive masking group could release cargo phenols and phenolic-based fluorescent dyes. Phthalate selfimmolative linkers exploit the rapid hydrolysis of esters with adjacent catalytic carboxylate moieties, a classic case of neighboring group participation 28−30 (phenyl hydrogen phthalate releases phenol in <5 s in neutral water 3 ). These intramolecularly catalyzed reactions involve neighboring group attack by the free carboxylate upon the adjacent ester to generate a transient anhydride that undergoes spontaneous hydrolysis to yield the diacid. Here, we demonstrate that phthalate esters masked with light-and peroxide-sensitive groups can release a coumarin dye upon exposure to light or peroxide (Scheme 1). Peroxide is an important biological signaling molecule, whereas light-releasable fluorescent dyes (pro-fluorophores) have found application in monitoring dynamic events in real time 31−36 as well as recording images with subdiffraction resolution at the nanometer level. 37−40 Both 1 and 2 were synthesized by the addition of the trigger molecule to phthalic anhydride followed by the addition of 7-hydroxycoumarin by either a DCC/DMAP or EDC/DMAP coupling.
Compounds 1 and 2 were synthesized and exposed to UV light and hydrogen peroxide, respectively. The reactions were monitored using fluorescence and 1 H NMR spectroscopy. The titration of 1 resulted in an 18-fold increase in fluorescence intensity and 2 showed an 8-fold increase as a result of releasing the free fluorescent dyes.
The titrations of 1 and 2 were followed by fluorescence spectroscopy (Figure 1 ). To aid with solubility, experiments with 1 were carried out by first dissolving the compound in DMF and exposing the resulting solution to 350 nm light, A small aliquot (7 μL) of the solution was then injected into buffered water (3.0 mL, pH 7.0, 1 mM phosphate buffer) and fluorescence was followed as a function of time. Experiments for 2 were carried out by first dissolving the compound in DMF and titrating with hydrogen peroxide. This procedure was followed by injection of a small aliquot of the DMF/H 2 O 2 solutions into buffered water for the fluorescence analysis.
Compound 1 was stable in water/DMF mixtures in the absence of light for at least 1 day at room temperature (see the Supporting Information for details). Compound 2 did show some instability, as seen by a small increase in fluorescence after a 16-h period in a water/DMF mixture in the absence of hydrogen peroxide (see the Supporting Information for spectra). Additionally, it is noteworthy that this structure 2 is quite unstable under the seemingly mild conditions required to synthesize it (e.g., DCC/DMAP ester coupling), possibly the result of the boronate ester under the reaction conditions catalyzing a spontaneous ester hydrolysis (2 is stable as a solid or dissolved in a solution lacking hydrogen peroxide, however). Additionally, NMR product studies of 1 after exposure to light indicate that the organic products are the expected free 7-hydroxycoumarin as well as phthalic acid. The toxicity of phthalic acid has been studied due to its industrial use in the synthesis of phthalate plastics and esters; it has not been found to be very toxic in mice (LD 50 (mouse) is 2.53 g/kg). 41, 42 Because 1 showed the largest increase in fluorescence intensity and the greatest stability during the titration studies, we chose to use it for cellular experiments. Compound 1 was incubated with Drosophila S2 cells, and dye release was monitored using fluorescence microscopy. See Figure 2 .
The Drosophila S2 cells were loaded with 1 and subjected to continuous irradiation with 335 nm light. Fluorescence images were collected every 500 ms for a total of 33 min (Figure 2 ). Fluorescence emission was observed at 450 nm. Fluorescence intensity for Figure 2 (i−iii) was taken from the periphery of the cell where the concentration of 1 was highest. As shown in Figure 2E −H, at the beginning of the experiment there was minimal fluorescence; however, after exposure to light a gradual increase in fluorescence is seen for up to 33 min. The initial fluorescence seen at time zero can be attributed to cellular auto fluorescence, which undergoes initial bleaching prior to significant release of the free coumarin dye. Control studies were performed to make sure the fluorescence was due to the controlled release of 7-hydroxycoumarin by irradiation. Parts A−D of Figure 2 show that there is a minimal change in fluorescence of cells when they are irradiated without being loaded with 1. Another control study (Figure 2 (ii)) was performed with cells incubated with 1 but not exposed to irradiation. There was an initial fluorescence signal due to cellular auto fluorescence; however, a decrease in fluorescence signal is seen, eventually leveling off to an intensity similar to that of the unloaded cells, indicating that the 1 does not release the dye in the absence of irradiation.
The cytotoxicity of 1 in the cells was determined by incubating the cells (1 × 106 cells/mL) with different dilutions (100, 50, 25, 12.5, 6.25, and 3.125 μM) of 1 in phosphate buffer saline (PBS, pH = 7.1) for 1 h. At a compound concentration of 50 μM, 83% of the cells remained viable after 1 h, and this concentration was used in all fluorescence imaging cell studies.
In conclusion, we have shown that aryl phthalate selfimmolative linkers are easily conjugated with the light-sensitive 2-nitrobenzyl alcohol group and the hydrogen peroxide sensitive group 4-(hydroxymethyl)phenylboronic acid pinacol ester. Compound 2 could be potentially useful as a hydrogen peroxide sensor. Compound 1 is of interest because it is able to deliver cargo in a temporally and spatially controlled manner using irradiation. Release of caged 7-hydroxycoumarin occurs upon irradiation within S2 cells. We note finally that the known fast rates of hydrolysis of phthalate self-immolative linkers may make these structures good candidates for domino selfimmolative linkers, 43−47 wherein a single input reaction results in the spontaneous release of numerous cargo molecules. Current domino self-immolative linkers tend to have slow kinetics of release. 27 A recent method to synthesize aryl mellitic acid esters 48 may enable these structures to be used within fastreleasing domino self-immolative systems. All experimental data including stability tests, product studies, cell study procedures, and compound characterization. This material is available free of charge via the Internet at http:// pubs.acs.org.
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